Introduction {#s1}
============

Influenza vaccination is the most effective method for preventing influenza virus infection and its potentially severe complications. Patients with rheumatoid arthritis (RA) are at an increased risk for infectious diseases due to the nature of RA and its treatment with immunosuppressive agents;[@R1] therefore, this patient population is a potential candidate for influenza vaccination. Treatment with antitumour necrosis factor α (anti-TNFα) agents may impair antibody response to influenza vaccination in patients with RA and other rheumatic diseases, but the response is large enough to warrant influenza vaccination for such patients.[@R2; @R3; @R4; @R5; @R6; @R7; @R8]

Tocilizumab (TCZ), a humanised monoclonal interleukin-6 (IL-6) receptor antibody, is effective in the treatment of patients with moderate to severe RA who have shown inadequate responses to methotrexate (MTX) and one or more anti-TNFα agents.[@R9] Our concern is the impact of TCZ on protective antibody response to influenza vaccination because IL-6 was originally identified as a factor that plays an essential role in terminal differentiation of B cells into antibody producing plasma cells.[@R10] Data regarding the efficacy and safety of influenza vaccination are lacking in RA patients receiving TCZ. Only one attempt at evaluating the efficacy of influenza vaccine has so far been made in a small number of paediatric patients receiving TCZ therapy for systemic onset juvenile idiopathic arthritis.[@R11]

To address this issue, we determined antibody response to trivalent inactivated influenza vaccine in RA patients being treated with TCZ, MTX or both agents, and compared parameters for efficacy of vaccination among these groups.

Methods {#s2}
=======

Patients {#s2a}
--------

RA patients aged 18 or older who had been receiving TCZ (an intravenous infusion of 8 mg/kg every 4 weeks) for at least 4 weeks and/or MTX (6--18 mg per week) for 12 weeks or more at our rheumatology outpatient clinics were invited to participate in this open-label study. RA patients who had been receiving bucillamine or salazosulphapyridine were also included as RA controls. All participants fulfilled the 1987 American College of Rheumatology criteria for diagnosis of RA. Exclusion criteria were current use of 10 mg/day or more of prednisolone, current use of tacrolimus or leflunomide, a recent history (within 3 months) of influenza infection, and a recent history (within 6 months) of influenza vaccination.

Vaccine {#s2b}
-------

We used commercially available inactivated trivalent influenza vaccine (Biken HA, Mitsubishi Tanabe Pharm Corporation, Osaka, Japan) containing 30 μg of purified haemagglutinin of each of the following: A/California/7/2009 (H1N1)-like strain (A/H1N1 strain), A/Victoria/210/2009 (H3N2)-like strain (A/H3N2 strain) and B/Brisbane/60/2008-like strain (B/B1 strain). Patients received a single dose of vaccine (0.5 ml) subcutaneously from October 2011 until January 2012. For RA patients receiving TCZ, the vaccination was done on the same day as TCZ infusion.

HI tests {#s2c}
--------

Sera were collected immediately before and 4--6 weeks after vaccination. For the detection of influenza antibodies, haemagglutination inhibition (HI) tests were performed in duplicate at SRL (Tachikawa, Tokyo, Japan), according to WHO standard procedure using haemagglutinin antigens representing all three strains that were included in the vaccine. Geometric mean titres (GMTs) of HI antibodies before and after vaccination, and fold increases relative to prevaccination titres (geometric means of postvaccination to prevaccination antibody titre ratios) were determined. GMTs were calculated from log-transformed values of HI antibody titres. For statistical analysis, a titre of 5 was arbitrarily assigned to sera with undetectable titres of \<10. Seroprotection was defined as antibody titres of ≥40. Seroconversion was defined as postvaccination antibody titres of ≥40 in patients whose prevaccination titres were \<10. Seroresponse was defined as seroconversion or fold increases in antibody titres of ≥4 in patients whose prevaccination titres were ≥10.

Monitoring adverse effects and disease activity {#s2d}
-----------------------------------------------

Systemic adverse events and worsening of RA occurring 4--6 weeks after vaccination were recorded. Systemic adverse effects included fever, tiredness, sweating, myalgia, chills, headache, arthralgia, diarrhoea and common cold-like symptoms. RA activity was monitored using a disease activity score for 28 joints and a clinical disease activity index.

Statistical analysis {#s2e}
--------------------

In univariate analyses for categorical variables, differences between treatment groups were analysed using the χ^2^ test or Fisher\'s exact probability test. Continuous variables were assessed by the Mann--Whitney U test for comparisons of non-parametric data between the two treatment groups, and analysis of variance with post hoc Tukey\'s honestly significant difference test for comparisons of parametric data between the four treatment groups. A paired-sample t test was used to compare differences in GMTs between prevaccination and postvaccination.

For all tests, probability values (p values) \<0.05 were considered to indicate statistical significance. All calculations were performed using Excel Statistical Analysis 2008 (SSRI Co., Tokyo, Japan) or PASW Statistics V.18 (SPSS Japan Inc., Tokyo, Japan).

Results {#s3}
=======

Clinical and demographic characteristics of participants {#s3a}
--------------------------------------------------------

A total of 194 RA patients were classified into four groups according to their ongoing anti-RA therapy. One group of 62 patients was treated with TCZ as a monotherapy (TCZ group); 65 patients were treated with MTX alone (MTX group); 49 patients received a combination therapy consisting of TCZ and MTX (TCZ+MTX group); and 18 patients received bucillamine or salazosulphapyridine monotherapy (RA control group). Clinical and demographic characteristics are shown in [table 1](#ANNRHEUMDIS2012201950TB1){ref-type="table"}.

###### 

Clinical and demographic characteristics of RA patients prior to influenza vaccination

                                                          MTX group (n=65)      TCZ+MTX group (n=49)   TCZ group (n=62)      RA control (n=18)     p Values between treatment groups
  ------------------------------------------------------- --------------------- ---------------------- --------------------- --------------------- -----------------------------------
  Male/female                                             11/54                 5/44                   11/51                 3/15                  NS
  Age, years, mean (95% CI)                               67 (65.0 to 68.9)     62.9 (59.8 to 65.9)    65.2 (61.6 to 68.8)   67.3 (62.3 to 72.4)   NS
  Prior influenza vaccination, number of patients (%)     47 (72.3)             36 (73.5)              50 (80.6)             12 (66.7)             NS
  RA duration, years, mean (95% CI)                       9.8 (7.7 to 11.9)     7.5 (5.8 to 9.2)       14.6 (11.5 to 17.7)   11.1 (4.8 to 17.4)    0.029 (M vs T)
  0.001 (T/M vs T)                                                                                                                                 
  MTX dose, mg/week, median (25th, 75th percentiles)      8 (6, 8)              8 (6, 8)               --                    --                    NS
  MTX duration, months, median (25th, 75th percentiles)   58 (17, 78)           54 (29, 89)            --                    --                    NS
  TCZ duration, weeks, median (25th, 75th percentiles)    --                    68 (24, 104)           64 (21, 107)          --                    NS
  Use of prednisolone, number of patients (%)             13 (20)               12 (24.5)              22 (35.5)             1 (5.6)               0.016 (T vs C)
  Prednisolone dose, mg/day, mean (95% CI)                0.87 (0.4 to 1.34)    0.90 (0.33 to 1.47)    1.02 (0.54 to 1.49)   --                    NS
  Positive RF, number of patients (%)                     38 (58.5)             42 (85.7)              46 (74.2)             7 (38.9)              0.002 (M vs T/M)
  0.0001 (T/M vs C)                                                                                                                                
  0.005 (T vs C)                                                                                                                                   
  Positive anti-CCP Abs, number of patients (%)           46 (70.8)             43 (87.8)              56 (90.3)             6 (33.3)              0.030 (M vs T/M)
  0.006 (M vs T)                                                                                                                                   
  0.004 (M vs C)                                                                                                                                   
  \<0.0001 (T/M vs C)                                                                                                                              
  \<0.0001 (T vs C)                                                                                                                                
  CDAI (25th, 75th percentiles)                           5.3 (3.7--7.8)        6.2 (4.5--7.8)         9.5 (7.9--11.1)       8.2 (4.8--11.5)       0.001 (M vs T)
  0.027 (T/M vs T)                                                                                                                                 
  Lymphocytes, /μl, mean (95% CI)                         1368 (1237 to 1500)   1395 (1255 to 1535)    1622 (1500 to 1744)   1478 (1098 to 1857)   0.038 (M vs T)

Data were obtained immediately before influenza vaccination. Prior influenza vaccination represents that administered last season (2010/2011). p Values between treatment groups were determined by the Mann--Whitney U test, post hoc ANOVA using Tukey\'s HSD test, the χ^2^ test or Fisher\'s exact probability test.

ANOVA, analysis of variance; anti-CCP Abs, anti-cyclic citrullinated peptide antibodies; C, RA control group; CDAI, clinical disease activity index; HSD, honestly significant difference; M, MTX group; MTX, methotrexate; NS, not significant; RA, rheumatoid arthritis; RF, rheumatoid factor; T, TCZ group; T/M, TCZ+MTX group; TCZ, tocilizumab.

Antibody titres {#s3b}
---------------

After vaccination, GMTs for all strains were increased significantly. Regarding the A/H3N2 strain, a significantly higher post-GMT was obtained in the TCZ group compared with that in the MTX group (p=0.009) ([table 2](#ANNRHEUMDIS2012201950TB2){ref-type="table"}). The TCZ group also showed a higher post-GMT for the B/B1 strain than did the MTX group and the RA control group (p=0.044 and p=0.031, respectively). Fold increases in GMTs for the three strains were ≥3.5-fold in all treatment groups. These groups achieved similar levels of fold increases for each strain and there were no statistically significant differences.

###### 

GMTs and fold increases of HI antibodies for three influenza strains in the RA treatment groups prior to and after influenza vaccination

                   MTX group (n=65)        TCZ+MTX group (n=49)      TCZ group (n=62)         RA control group (n=18)   p Values between treatment groups
  ---------------- ----------------------- ------------------------- ------------------------ ------------------------- -----------------------------------
  GMTs                                                                                                                  
   A/H1N1                                                                                                               
    Before         31.7 (16.1--47.2)       59.5 (19.9--99.1)         62.0 (25.4--125.4)       15.3 (8.3--22.3)          NS
    After          120.5 (75.3--165.6)\*   162.1 (86--238.2)\*\*     211.7 (142--281.4)\*     169.4 (11.5--327.4)\*     NS
   A/H3N2                                                                                                               
    Before         37.9 (15.5--60.4)       42.6 (25.2--59.9)         55.2 (31.8--78.7)        36.9 (11.9--62.0)         NS
    After          120.2 (80.2--160.2)\*   140.7 (82--199.4)\*\*\*   237.8 (169.1--306.5)\*   93.9 (54.1--133.6)\*\*    0.009 (M vs T)
   B/B1                                                                                                                 
    Before         45.5 (30.2--60.7)       43.2 (29.8--56.5)         72.1 (53.3--90.9)        23.9 (12.2--35.6)         0.017 (T vs C)
    After          103.1 (74.9--131.3)\*   105.1 (69.4--140.8)\*     161.8 (123.8--144)\*     68.9 (45.7--92.1)\*       0.044 (M vs T)
  0.031 (T vs C)                                                                                                        
  Fold increase                                                                                                         
   A/H1N1          12.6 (5.8--19.5)        14.5 (7.2--21.9)          12.0 (9.8--17.7)         11.2 (3.0--19.4)          NS
   A/H3N2          9.6 (5--14.2)           9.9 (5.2--14.6)           12.0 (6.6--17.3)         5.3 (2.7--8.0)            NS
   B/B1            3.5 (2.5--4.4)          5.4 (2.4--8.3)            5.0 (3.3--5.7)           5.8 (3.1--8.4)            NS

Data are expressed as the mean (95% CIs). Differences between prevaccination and postvaccination GMTs were assessed using the paired-sample t test. Comparisons between the four treatment groups were performed by post hoc ANOVA using Tukey\'s HSD test.

\*p\<0.0001, \*\*p=0.009 and \*\*\*p=0.001 based on comparisons with prevaccination titres.

ANOVA, analysis of variance; C, RA control group; GMT, geometric mean titre; HI, haemagglutination inhibition; HSD, honestly significant difference; M, MTX group; MTX, methotrexate; NS, not significant; RA, rheumatoid arthritis; T, TCZ group; TCZ, tocilizumab.

Seroprotection, seroresponse and seroconversion rates {#s3c}
-----------------------------------------------------

After vaccination, seroprotection rates for the three influenza strains were increased significantly in all treatment groups ([figure 1](#ANNRHEUMDIS2012201950F1){ref-type="fig"}A). The TCZ and TCZ+MTX groups achieved postvaccination protection rates of \>70% for all the influenza strains. Regarding the A/H3N2 and B/B1 strains, postvaccination seroprotection rates were significantly higher in the TCZ group compared with those in the other three treatment groups (for A/H3N2, p\<0.0005 vs MTX, p=0.001 vs TCZ + MTX p=0.006 vs RA control; for B/B1, p=0.007 vs MTX, p=0.023 vs TCZ+MTX, p=0.007 vs RA control). Seroprotection rates for the A/H1N1 strain were similar among all the groups tested.

![(A) Seroprotection rates for three influenza strains in the RA treatment groups prior to and after influenza vaccination. Horizontal bars represent levels of prevaccination protection rates for each influenza strain. \*p=0.006 (TCZ vs Cont), p\<0.0005 (TCZ vs MTX) and p=0.001 (TCZ vs TCZ+MTX). \*\*p=0.007 (TCZ vs Cont, TCZ vs MTX) and p=0.023 (TCZ vs TCZ+MTX). (B) Seroresponse rates for three influenza strains in the RA treatment groups. \*p=0.04 (TCZ vs MTX). \*\*p=0.0009 (Cont vs MTX), p=0.002 (Cont vs TCZ) and p=0.022 (Cont vs TCZ+MTX). (C) Seroconversion rates for three influenza strains in the RA treatment groups. Seroconversion rates are expressed as percentages of patients with seroconversion out of seronegative patients before vaccination (antibody titres\<10). \*p=0.032 (TCZ vs MTX). \*\*p=0.003 (Cont vs MTX) and p=0.002 (Cont vs TCZ+MTX). Data were compared using the χ^2^ test or Fisher\'s exact probability test. Cont, RA control group; MTX, methotrexate group; RA, rheumatoid arthritis; TCZ, tocilizumab group; TCZ+MTX, combination therapy group.](annrheumdis-2012-201950f01){#ANNRHEUMDIS2012201950F1}

For the A/H1N1 and A/H3N2 strains, seroresponse rates were \>40% in the MTX, TCZ and TCZ+MTX groups, while the rates for the B/B1 strain in these groups were approximately 30% ([figure 1](#ANNRHEUMDIS2012201950F1){ref-type="fig"}B). The seroresponse rate for the A/H3N2 strain was significantly higher in the TCZ group compared with that in the MTX group (p=0.04). Seroconversion rates for the three influenza strains were greater than 40% in all treatment groups ([figure 1](#ANNRHEUMDIS2012201950F1){ref-type="fig"}C). The TCZ group showed a significantly higher seroconversion rate for the A/H3N2 strain than did the MTX group (p=0.032).

Predictive factors for seroresponse to influenza vaccination {#s3d}
------------------------------------------------------------

In multivariate logistic regression analysis, TCZ use was not identified as the predictive factor for seroresponse to influenza vaccination (see online [supplementary table S1](http://.oxfordjournals.org/lookup/suppl/doi:10.1093//annrheumdis-2012-201950/-/DC1)). For the A/H3N2 strain, the negative association of current MTX use with seroresponse was confirmed (p=0.04). Prior influenza vaccination was negatively associated with seroresponse for all the three strains (for A/H1N1, p=0.006; for A/H3N2, p=0.01; for B/B1, p\<0.0001). This may have reflected ceiling effects; that is, higher prevaccination protection rates may, at least in part, have influenced the observed seroresponse rates.

Vaccination safety {#s3e}
------------------

Neither systemic adverse effects nor exacerbation of RA was experienced by any patients during a follow-up period of 4--6 weeks after vaccination.

Discussion {#s4}
==========

Antibody response to the A/H1N1 and A/H3N2 strains in the TCZ and TCZ+MTX groups met all three requirements of the European Medicines Agency (EMA) guidance for assessment of influenza vaccines specified by the Committee for Proprietary Medical Products (CPMP).[@R12] For the B/B1 strain, these treatment groups met two of the EMA/CPMP criteria. The MTX group fulfilled two of the EMA/CPMP criteria for all strains. Multivariate logistic analysis confirmed that TCZ use is not a predictive factor for inadequate antibody response for any influenza strain.

IL-6 works as a B cell differentiation factor, which induces activated B cells to produce immunoglobulin.[@R10] The blockage of IL-6 activity following TCZ therapy, therefore, would be expected to reduce humoral immune response to influenza vaccination. Kopf *et al*[@R13] indicated that T cell-dependent antibody response against virus infection is impaired in IL-6-deficient mice. Unlike anti-infliximab or antiadalimumab antibodies, anti-TCZ antibodies rarely developed in RA patients receiving 8 mg/kg of TCZ, even as monotherapy.[@R14] [@R15] Nevertheless, the present study has clearly indicated that RA patients receiving TCZ therapy can be effectively and safely immunised with influenza vaccine. One possible explanation may be that, unlike rituximab, TCZ is not a B cell-targeting antibody that can induce B cell depletion. Given that a variety of cytokines are released from activated helper T cells, antibody production may not depend simply on IL-6. Costelloe *et al*[@R16] showed that IL-6 is not required for antigen (influenza virus)-specific antibody responses by non-fractionated tonsillar mononuclear cells or by T cell-depleted B cells in the presence of IL-2. Another explanation may be that IL-6 signalling is not inhibited completely in lymphoid tissue, locations in which vaccination-mediated immune response is initiated, even when maximum saturation of soluble IL-6 receptors in the circulation is achieved with TCZ. Uchiyama *et al*[@R17] reported that anti-TCZ antibodies are induced in monkeys receiving 30 mg/kg of TCZ weekly, suggesting that IL-6 does not play a crucial role in antibody production.

Most previous studies have shown that the use of MTX is unlikely to affect antibody response to influenza vaccine.[@R2; @R3; @R4] [@R7] [@R18] However, Gabay *et al*[@R19] have indicated that MTX significantly reduced responsiveness to AS03-adjuvanted pandemic H1N1 2009 (A/H1N1/2009) vaccine in patients with rheumatic diseases. The mechanism by which MTX impairs antibody response following vaccination is unknown, but several studies have proposed that MTX prevents proliferation of T cells and induces apoptosis in these cells.[@R20]

In conclusion, despite TCZ therapy, the immunogenicity of influenza vaccination appears to be conserved and sufficient in RA patients. MTX had a negative impact on vaccination efficacy, but adequate immune responses for protection were achieved by RA patients in the MTX and MTX+TCZ groups. Neither severe adverse effects nor RA flares were observed following vaccination. RA patients, even those receiving TCZ as monotherapy or in a combination therapy with MTX, should therefore be encouraged to receive influenza vaccination.
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